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TECHNICAL NOTE 5086 


MANEUVER ACCEI.ERATIONS EXPERIENCED BY FIVE TYPES OF 
CCMIERCIAL TRANSPORT AIRPLANES DURING 
ROUTINE OPERATIONS 

By Thomas L. Coleman and Martin R. Copp 


SUMMARY 


The magnitude and frequency of occurrence of maneuver accelerations 
experienced by five types of commercial transport airplanes during rou- 
tine operations have heen obtained from time -history (VGH) records and 
are presented herein. The resxilts are compared with available gust- 
acceleration data for the operations considered. It is indicated that 
maneuver accelerations may contribute substantially to the total load 
histories of transport al2rplanes^ particularly in the case of medlijm- 
altitude operations. 


INTRODUCTION 


Two classes of repeated flight loads are of principal significance 
to the design and operation of airplanes; maneuver loads, which are 
applied by the pilot in controlling the airplane, and gust loads, which 
occur unintentionally during flight throu^ turbulent air. Gust loads 
are xisually considered as being more frequent and larger than maneuver 
loads during normal airline operations and numerous studies have been 
made to determine their magnltvide and frequency of occurrence for trans- 
port operations. (For example, see ref. 1 .) Although maneuver loads 
may also contribute significantly to the total load histories of air- 
planes, little work has been done to determine their magnitude and fre- 
quency of occurrence on transports. 

Time-hlstoiy records of airspeed, acceleration, and altitude col- 
lected from NACA VGH recorders on conEnercial transport airplanes over 
the past few years for \ise in gust research constitute the largest avail- 
able source of data from which Information on maneuver loads may be 
obtained. The records, of course, contained both gust and maneuver 
accelerations, but it was possible to distlngixlsh between the two types 
by considering the characteristics of the acceleration and airspeed 
traces. Moreover, it was possible to distinguish between maneuver loads 
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in routine passeriger-caxrylng flight and in eilrplane or pilot check 
flights. Some of the recoirds ha-ve heen evaluated, therefore, to deter- 
mine the magnitude and frequency of occurrence of acceleration Increments 
caused hy maneuvers during operations of five types of commercial trans- 
port airplanes. The resialts are summarized herein as to the source of 
the accelerations; that is, -whether from operational maneuvers during 
airplane routine passenger-carrying operations or from maneuvers per- 
formed during airplane or pilot check flints. In addition, the magni- 
tude and frequency of occurrence of maneuver accelerations are compared 
■with a-yailahle data on the gust accelerations for these operations. 


SCOPE AND EVALUATION OF RECORDS 


The data presented herein -were evaluated from time -history records 
of normal acceleration, airspeed, and altitude which were taken with the 
NACA VGH recorder (ref. 2) "between 19^9 and 1953* The records were 
obtained from five commercial transport airplanes during routine opera- 
tions on three routes within the United States. A summary of the perti- 
nent characteristics of the airplanes and of the operations frcm which 
the data were obtained is given in the following table: 


ALrplanfi 

A 

(Two engine) 

B 

(Two engine) 

C 

(Four engine) 

D 

(Four engine) 

E 

(Pour engine) 

Design gross 
velgbt, lb 

40,500 

39,900 

95,200 

107,000 

147,000 

Wing loading, 
Ib/sq ft 

4.9.6 

46.2 

65.6 

64.8 

86.0 

Routes flown 

Transconti- 
nental 
(H. 1 . - 
Los Angeles) 

northern 

transconti- 

nental 

Transconti- 
nental 
(H. Y. - 
Los Angeles) 

North-South 
routes in 
Eastern U. S. 

Northern 

transconti- 

nental 

Average length 
of flight, hr 

0.85 

1.00 

1.88 

1.98 

2.05 

Average operating 
alti-tude, ft 

5,800 

5,000 

12,000 

10,500 

15,500 

Average Indicated 
airspeed, mph 

196 

205 

225 

225 

218 
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In this paper, the operations at average altitudes helow 10,000 feet are 
called low-altitude operations (airplanes A and B) and those at average 
altitxides between 10,000 and 25,000 feet are classed as medium-altitude 
operations . 

Evaluation of the records required that maneuver accelerations be 
distinguished from gust accelerations, since both types were usually 
present on the records. The principal criterion used to identify the 
source of the accelerations was that, in general, maneuver accelerations 
(figs. l(a) and l(b)) have a much lower frequency than gust accelera- 
tions (fig. 1(c)). In addition, high-frequency low-intensity fluctua- 
tions of the airspeed trace occTirred simultaneously with the gust accel- 
erations but were not apparent dtiring maneuvers. The occurrence of 
maneuvers and gusts at the same time caused difficulty in classifying 
the accelerations in several instances (fig. 1(d)). In these cases, the 
assumption was usually made that the accelerations were caused by gusts 
rather than maneuvers so that the number of maneuver accelerations read 
is probably slightly less than actually occiarred. Therefore, the maneu- 
vers evaluated are considered to have resulted frcm control motions by 
the pilot. 

Comparison of the records showed that maneuvers performed during 
airplane or pilot check flights were quite different in magnitude and 
frequency of occurrence from those performed during routine operational 
flights. Consequently, the maneuver accelerations were classed according 
to the purpose- of the flight on which they occxirred, that is, as opera- 
tional maneuvers or check-flight maneuvers . 

The 1 g steady-flight position of the acceleration trace was used 
as a reference from which the maneuver-acceleration increments were read. 
Only the maximum incremental value was read for each deflection of the 
acceleration trace greater than given threshold values frcm the reference. 
A threshold of ±0.5g, which is the value normally employed in evaluating 
VGH records, was used for the check-flight maneuvers. The accelerations 
for the operational maneuvers were smaller, in general, than for the 
check-flight maneuvers, and in order to represent adequately the range 
of thsse accelerations, a reduction in the reading threshold to ±0.1 g 
was necessary for the operational maneuvers. 

The n-umber of flight hours evaluated for each type of maneuver 
acceleration and also the number of flight hours represented by the 
available gust data for each airplane are indicated in the following 
table: 
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Airplane 

A 

B 

c 

D 

E 

Total record hours available 

684.4 

1,089.7 

648.1 

783.3 

1,012.5 

Hoxirs of operational fli^t 
available 

676.0 

1,085.0 

644.0 

771.0 

1,005.0 

Hours of record evaluated for 
check flight 

684.4 


648.1 

783.3 

1,012.5 

Hours spent in check flight 

8.4 


■D 

12.3 

BE 

Hours of operational 
flight evaluated 

Maneuvers 

234.6 

65.9 

62.0 

509.4 

48.7 

Gusts 

676.0 

833.9 

644.0 

771.0 

886.0 


The total record samples available for evaluation varied from about 
6 kQ to 1,090 flight hours for the different airplanes as shown in this 
table. All available records were evaluated for check-flight -maneuver 
accelerations. The time actually spent in check flights, however, varied 
from only 4.1 to 12.3 hours. The operational-maneuver data for each 
airplane were obtained from record samples covering about 50 to 3OO flight 
hours. Although larger samples were available for evaluation, considera- 
tion of the data from samples of varying size indicated that the present 
samples were sufficiently adequate to provide fairly good estimates of 
the distribution of operational-maneuver accelerations. For Instance, 
the results for airplanes A and D, which are based on samples of 254 and 
309 flight hours, respectively, are quite similar to results which were 
based on only 60 flight hours from each airplane. Gust-acceleration 
data were available in unpublished form (except the data for airplane B 
which is given in ref. l) for at least 80 percent of the total record 
sample for each ali'plane. 


RESULTS 


The frequency f of positive and negative acceleration Increments 
(measured from the 1 g reference) caused by operational and check-flight 
maneiivers are given for each airplane in intervals of 0.1 g in tables I 
and U, respectively. The average indicated airspeed of each airplane 
for all fli^t conditions (determined from the VGH records), the hoTirs 
of record evaluated, and the number of flight miles I represented by 
each distribution eure given in the tables. The number of fli^t miles 
in each case was obtained by multiplying the total number of record 
hoxirs from which the distribution was evaluated by the average indicated 
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airspeed of the airplane. The percentage of total flight time spent in 
check flights (table II) was obtained by dividing the hours actually 
spent in check flights by the total record hovirs evaluated. 

Each frequency f in tables I and H was progressively summed 
( starting with the frequency for the largest acceleration Increment) to 
obtain the cumulative frequency Zf ■which gi'ves the total number of 
acceleration increments equal to or greater than given valties. The 
cumulative frequency was then divided by the number of fli^t miles I 
represented by the data to obtain the a'verage number of acceleration 
increments equal to or greater than given values which were experienced 
per mile of flight Zt/l. The values of Zt/l are plotted for each 
airplane in figures 2 and 3 for "fciio operational and check-flight maneu- 
vers, respectively. In order to illustrate the use of the curves, the 
poin't in figure 2 at 0.1 g for airplane A indicates that, on the a'verage, 
0.11 acceleration increments equal to or greater than 0.1 g occurred 
per mile of flight. The number of f3J.ght miles was chosen as a basis 
for presenting the results so that the maneuver data could be easily 
compared 'with gust data, which eire usually presented in a similar manner. 

In order that the operational- and check-flight -maneuver data from 
the various airplanes may be easily compared, the data given in figures 2 
3 are also plotted for each airplane in figure 4. The ordina'be 
values of the curves given in figure 4 were summed to obtain an estimate 
of the a'verage number of positive and negative operational- and check- 
flight-maneuver-acceleration increments experienced per mile of fli^t 
and the resulting curves are given in figure 5* In performing the simi- 
mations, no attempt was made to extrapolate the curves of figure 4 below 
the reading thresholds or to higher values than were recorded. Conse- 
quently, the total maneuver curves in figure 5 tend to underestimate 
slightly the frequency of occurrence of the maneuver-acceleration incre- 
ments. The available gust-acceleration data for each airplane are 
plotted in figure 5 "to allow comparison of the frequency of occurrence 
Bnt^ magnitude of accelerations ca'used by maneuvers and gusts. For refer- 
ence purposes, the frequency distributions of gust-acceleration incre- 
ments used to plot the gust curves in figure 5 a^re given in table HI. 
Separate positive and negative distributions of gust acceleration were 
not available for airplane B. For this airplane, therefore, it was 
assumed that the positive and negative distilbutions making up the total 
gust-acceleration distribution (given in ref. 1) were symmetrical. 


RELIABILITY OF RESULTS 


The reliability of the results from samples of the maneu'ver accel- 
erations depends on the quality and quantl-ty of the data collected and 
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the instrument and reading errors. Insofar as is knovn, no special 
operating limitations which, would affect the maneuvers were in force on 
the airplanes during the time the present data samples were being taken, 
anii the operational maneuvers performed were accordingly felt to be 
representative of normal airline practice. 

In addition to being representative of the operations under consid- 
eration, the sample must be of sufficient size to insure that unique 
occurrences do not bias the results. At the present time, the size of 
sample required to obtain adequate representation of operational- 
maneuver-acceleration distributions has not been detemnlned. Comparison 
of frequency distributions obtained from variolas sample sizes has shown 
(as was previously noted) little difference between the results based 
on samples of 60 hours and 3OO h.ours for airplanes A and D. The present 
samples covering 50 to 300 hours are, therefore, felt to be sufficient 
to give reasonably stable distributions which would change little with 
increasing sample sizes. The present samples are Inadequate, however, 
to determine the manner of growth of the distributions (that is, maximum 
values and possible asymptotes) for eoctended operations. 

Althou^ the data on the maneuver-acceleration Increments for the 
check flights were taken from samples covering 6i^8 to 1,090 flight hours, 
the time actua l ly spent in check flights amounted to only 0.43 "bo 
1.6 percent of the total time (table II). Information received from 
operators of three of the airplanes indicated that for extended opera- 
tions about 1 percent of the total flight time wcoold be spent in air-- 
plane and pilot check flights. The present samples, therefore, appear 
to be representative of those obtained doiring standard airline operations. 

The instrument accuracy is ± 0 . 02 g for the range of accelerations 
experienced. A more complete description of the accioracy is given in 
reference 2 . As a check on reading accuracy, several records were 
reevaluated by different personnel. Comparisons between the frequency 
distributions fraa the same record indicated that variations not greater 
than 2 to 1 existed between the counts of the operational-maneuver 
accelerations. The variations between the counts of the check-flight 
accelerations were smaller and were considered negligible. 


DISCUSSION 


Consideration of figure 2 suggests that for each airplane the posi- 
tive and negative distributions of acceleration Increments caused by 
operational maneuvers are essentially symmetrical, althoiogh there is a 
slight tendency for the positive accelerations to be larger and more 
frequent. Comparison of the five curves for the negative accelerations 
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and of the curves for the positive values indicates that the trends of 
the data from the various airplanes are similar. In general, the aver- 
age number of acceleration increments equal to or greater than given 
values experienced per mile of flight Sf/Z decreases hy a factor of 
about 10 for each 0.1 g Increase in acceleration. Variations of the 
order of 10 to 1 exist in the frequency of occurrence of given values 
of acceleration increments for the five airplanes. From the overall 
viewpoint, these differences do not appear to be too significant and 
are no greater than are commonly found among various sets of gust- 
acceleration data. The differences cannot be correlated with such 
parameters as airplane wel^t or length of flight and thus appear to 
be dvie to factors such as type of operation, pilot technique, airplane 
bant^l 1-ng characteristics, and evaluation errors. The maximum accelera- 
tion increment for each airplane is about 0.5g which is smaller than 
the maximum, gust-acceleration increment usually experienced by these 
airplanes. Although larger accelerations may resvilt from operational 
maneuvers during extended operations, it would appear from the present 
data that operational maneuvers are pr im arily important for ttieir 
effects on the fatigue life of the airplane. 

The data of figure 3 show that, for each airplane, the magnitude and 
frequency of occurrence of positive acceleration Increments caused by 
check-flight maneuvers are greater than those of the negative values. In 
contrast to the tendency of the negative distributions to form a single 
group, the positive distributions fall into two distinct groups with 
the accelerations for airplanes B and C being much less frequent and 
smaller in magnitude than for the other three airplanes. The lower 
frequency of occxirrence and smaller magnitude of the positive accelera- 
tions for the two airplanes appeirently is not related to the types of 
airplanes considered, since airplanes B and C are two engine and four 
engine, respectively. The fact that airplanes B and C spent a smaller 
percentage of their total flight time in check flights than the other 
three airplanes (table II) accounts only partly for the lower frequency 
of occurrence of positive accelerations for the two airplanes. The 
remainder of the difference is due to differences between airline and 
pilot practice in regard to the type, severity, and frequency of maneu- 
vers performed diiring check flights. From figure 5^ therefore, it 
appears that the positive check-flight -maneuver accelerations tend to 
be larger and more frequent than negative accelerations and that signif- 
icant variations exist between the positive values for the different 
airplanes. 

The results given in figure 4 indicate considerable variation in 
the magnitude and frequency of occurrence of acceleration Increments 
caused by operational and check-flight maneuvers for the five airplanes. 
For eaeh airplane, the maxi.mum check-flight-maneuver accelerations, 
particularly the positive values, are greater than the maxi mum opera- 
tional-maneuver accelerations. Althou^ no fixed relation exists 
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regarding the relative frequency of occurrence of operational and check- 
flight maneuvers, figure 4 Indicates that, in general, operational- and 
check-flight- acceleration increments of 0.3g occiir with about eqixal 
frequency. From the characteristics of the distributions in figure h, 
acceleration increments below 0.3g appear to result primarily from 
operational maneuvers. Likewise, values greater than about 0.5g result 
largely from check-flight maneuvers. Combined distributions of 
operational- anfl cback-f 1 1 gbt — maneuver accelerations obtained by simply 
stimming the ordinate values of the curves in figure 4 may be expected, 
therefore, to underestimate only slightly the frequency of occurrence 
of given values of acceleration increments. The manner in which the 
maneuver data should be extrapolated to represent extended operations 
baa not been established. Consequently, for the present it can only be 
assumed (based on past experience with similar types of data) that the 
number of maneuver accelerations would increase in proportion to the 
flight miles and that larger accelerations than reported would occur for 
increased sample sizes. 

Conqiarison of the distributions of acceleration increments caused 
by operational and check-flight maneuvers and by gusts in figure 5 shows 
large variations in the frequency of occurrence of accelerations from 
the two sources. For each of the five airplanes, the magnitude and fre- 
quency of occurrence of negative acceleration increments caused by gusts 
were greater than those of the accelerations caused by maneuvers. In 
addition, the positive accelerations on airplanes B and C were also 
caused predominately by gusts. For the other three airplanes, however, 
larger positive maneuver-acceleration increments were recorded and the 
frequency of occurrence of positive manetcver accelerations was equal to 
or greater than the frequency of gust accelerations for values of about 
0.6g. As previously noted, these large maneuver accelerations occ^lrred 
during check flights which covered less than 2 percent of the total 
fli^t time. From the charaicteristics of the curves in figure it 
appears that for airplane ' E, and to a lesser degree for airplane C, 
maneuver-acceleration increments of 0.1 g to 0.2g are about as frequent 
as gust accelerations. From an overall viewpoint, therefore, figure 5 
indicates that maneuver accelerations may in some cases be as frequent 
as gust accelerations and consequently may contribute substantially to 
the total load history of transport airplanes. 

As indicated in figures 2 and 3 ^ "the distributions of operational- 
and check-fll^t-maneuver accelerations were more or less Independent 
of the airplane types considered. In the case of gust accelerations, 
however, the twin-engine airplanes usually experience about 10 times 
as many accelerations pf a given value as the four-engine airpl a nes 
because of the lower wing loading and the larger amount of time spent 
at the lower turbulent altitudes. If consideration is given to the 
indication that the maneuver accelerations are approximately the same 
for the low- and medium-altitude airplanes and that the medium-altitude 
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transport experiences fetrer gust accelerations of a given value, it 
appears that maneuvers are hecoming of increasing importance for the 
medium-altitude transpoidjs. This conclusion is home out to some extent 
hy figure 5 where, in general, the difference between the frequencies of 
occurrence of gust and maneuver accelerations for the four -engine air- 
planes (airplanes C, D, and E) is less than for the twin-engine trans- 
ports (airplanes A and B). 


COKCniDING REMAEIffi 


VGH time-history records (containing both gust and maneuver accel- 
erations) taken on five commercial transport airplanes during routine 
operations have been evalmted to determine the magnitude and frequency 
of occurrence of maneuver accelerations. The data are classed according 
to the source of the accelerations; that is, operational maneuvers 
performed diirlng routine passenger-carrying flints and check-fli^t 
maneuvers occurring on airplane or pilot check flights. Comparison of 
the maneuver data with available gust data indicates that maneuver accel- 
erations may contribute substantially to the total fli^t load histories 
of some transport airplanes, particularly the medium-altitude transports. 
The accelerations caused by operational maneuvers (those performed 
during passenger-carrying flights) are usually smaller and less frequent 
than gust accelerations and appear to be of concern only in that they 
contribute to airplane fatigue. Positive acceleration increments caused 
by maneuvers during airplane and pilot check flights are larger than 
those caused by operational maneuvers and may be as large and, for values 
above about 0.6g, as frequent as gust accelerations. This result 
appears to apply especially to the present medium-altitude transports 
on which the g\ist accelerations are smaller and less frequent than on 
low-altitude transports. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va, , February 5, 195^* 
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Acceleration 
increment, 
g units 


0.5 to 0.6 
0.4 to 0.5 
0.3 to 0.4 
0.2 to 0.3 
0.1 to 0.2 


-0.1 to -0.2 

-0.2 to -0.3 
-0.3 to -0.4 
-0.4 to -0.5 
-0.5 to -0.6 


Hours of opera- 
tional flight 
evaluated 



Frequency f for - 

Airplane A 

Airplane B 

Airplane C 

Airplane D 

Airplane E 

0 

0 

0 

3 

2 

1 

3 

1 

8 

2 

34 

12 

3 

57 

1 

439 

62 

121 

204 

106 

4,596 

772 

355 

2,124 

256 

3,468 

610 

165 

2,255 

546 

166 

34 

42 

161 

167 

13 

9 

2 

18 

15 

1 

0 

0 

3 

2 

1 

0 

0 

0 

0 

254.6 

65.9 

62.0 

309.4 

48.7 

196 

205 

225 

225 

218 

4.6 X 10^ 

1.3 X 10^ 

1.4 X 10^ 

7.0 X 10^ 

1.1 X 10^ 
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TABLE II 

CHECK-EIJGHT-MAEMJVER-ACCEEERATION INCREMENTS 


Acceleration 
Increment, 
g units 


1.1 to 1.2 
1.0 to 1.1 

0.9 to 1.0 
0.8 to 0.9 
0.7 to 0.8 
0.6 to 0.7 
0.5 to 0.6 
0.4 to 0.5 
0.3 to 0.4 


-0.3 to -0.4 
-0.4 to -0.5 
.-0.5 to -0.6 
-0.6 to -O.7 
-0.7 to -0.8 
-0.8 to -0.9 


Hours of record 
evaluated for 
check flights 


Hours spent in 
check flights 


Percentage of 
total time 
spent in 
check flights 


Average indicated 
airspeed, mph 

Ili^t miles, Z 


Frequency f for - 


Airplane A 

Airplane B 

Airplane C 

Airplane D 

Airplane E 

0 

0 

0 

1 

0 

1 

0 

0 

0 

2 

0 

0 

0 

1 

2 

8 

0 

0 

4 

11 

5 

2 

1 

15 


17 

0 

2 

10 


12 

4 

2 

38 


38 

12 

6 

'36 


37 

19 

14 

38 

■■ 

30 

6 

8 

27 

8 

13 

5 

2 

12 

4 

2 

2 

1 

2 

2 

1 

0 

2 

2 

2 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

684.4 

1,089.7 

648.1 

783.3 

1,012.5 

8.4 

4.7 

4.1 

12.3 

7.3 

1.23 

0.43 

0.63 

1.6 

0.74 

196 

203 

225 

225 

218 

1.3 X lo5 

2.2 X 105 

1.5 X lo5 

1.8 X lo5 

2.2 X 105 
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TABLE in 

GUST-ACCELERATION INCREMENTS 


Acceleration 


Frequency f for - 

- 


increment, 
g tualts 

Airplane A 

Airplane B 

(a) 

Airplane C 

Airplane D 

Airplane E 

1.3 to 1.^ 


0.5 




1.2 to 1.3 
1.1 to 1.2 


0.5 

1.0 

— 

— 

— 

1.0 to 1.1 


1.5 





— 

0.9 to 1.0 

1 

9.5 

1 

2 

— 

0.8 to 0.9 

6 

10.5 

0 

2 

— 

0.7 to 0.8 

8 

38.5 

1 

7 

2 

0.6 to 0.7 

38 

126.5 

5 

20 

2 

0.5 to 0.6 

146 

413.0 

13 

46 

15 

0.4 to 0.5 

538 

2 , 146.5 

59 

201 

81 

0.3 to 0.4 

2,286 

7,554.5 

310 

891 

364 

-O.3 to - 0.4 

1,475 

7,554.5 

442 

560 

367 

- 0.4 to -0.5 

339 

2 , 148.5 

81 

107 

57 

-0.5 to - 0.6 

91 

413.0 

20 

25 

11 

- 0.6 to -0.7 

28 

126.5 

3 

14 

.7 

-0.7 to -0.8 

6 

38.5 

5 

4 

3 

- 0.8 to -0.9 

3 

10.5 

1 

2 

— 

-0.9 to - 1.0 

2 

9.5 

— 

— 

— 

- 1.0 to - 1.1 

0 

1.5 

— 


— 

-1.1 to -1.2 

-1.2 to -1.3 

1 

1.0 

0.5 

— 

— 

— 

-1.3 to - 1.4 


0.5 

— 

— 

"" 

Hours of opera- 






tlonal flight 
evaluated 

676 

834 

644 

771 

886 

Average indicated 
airspeed, mph 

196 

203 

225 

225 

218 

Flight miles, 1 

1.3 X lo 5 

1.7 X lo 5 

1.4 X lo 5 

1.7 X lo 5 

1.9 X lo 5 


^'Values given are based on frequencies of combined positive and 
negative acceleration increments from reference 1, which are assumed 
symmetrical. 
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(a) Orperational-maneuv-er accelerations. 



(Id) Che ck-f light-maneuver accelerations . 



(c) Gust accelerations. 



(d) Comhination of maneuver and gust accelerations . 
Figure 1 .- VGH records showing three classes of accelerations 



Cumulative frequency per mile, Zf/l 


MCA TN 3086 


15 



-.6 ~.k -.2 0 „2 -U „6 


Acceleration increment, Aa^^j, g units 


Figure 2 .- Con^jarlson of acceleration Increments caused ty operational 

maneuvers on five airplanes. 
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Acceleration increment, g units 


(a) Aii^jlane A. 

Figure Ij-.- Con5)arl6on of acceleration Increments caused by operational 

and cbeck-flight maneuvers. 
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(t) Airplane B. 
Figure if.- Continued. 
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(c) Airplane C. 
Figure ij-.- Continued. 
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Acceleration Increment, Aajj, g units 

(d) AlorpLane D. 

Figure Contln\ied. 
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(e) Airplane E. 
Figure 4 .- Concluded 
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(a) Airplane A. 

Figure 5.- Con?)ari 6 on of acceleration increments caused "by combined 
check- flight and operational maneuvers and gusts. 
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( 1 d) Airplane B. 


Figure 5 *“ Continued 
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(c) Airplane C. 
Figure Continxaed 
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(e) Airplane E. 
Figure Concluded. 
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